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Tailoring of material properties by strained epitaxy is intensively used as a tool in fundamental studies and practical devices. A multitude of examples exist. For example, in ferroelectric and ferromagnetic films, strain states are utilized to control ferroic order parameters, phase transitions, and domain configurations [1] [2] [3] [4] [5] . Strain manipulation of the carrier mobility in semiconductors has led to the application of biaxially strained channels in metal-oxide-semiconductor field-effect transistors [6, 7] . Moreover, strain-relaxation processes form the basis for the fabrication of various self-organized nanostructures [8, 9] . Conventionally, strain engineering in epitaxial systems is pursued by appropriate selection of film and substrate material. Differences in lattice parameter or crystal symmetry result in the accumulation of strain energy during film growth. For large lattice mismatch f = (a f -a s )/a s , where a f and a s are the in-plane lattice parameters of film and substrate, the strain energy builds up rapidly. As a result, strain relief via the formation of misfit dislocations and/or a transition to three-dimensional island growth occurs, leading to non-uniform strain distributions along the growth direction. According to the thermodynamic model by Matthews and Blakeslee [10, 11] , 100 nm thick epitaxial films can only be strained uniformly if f < 0.2%. Besides misfit strain, epitaxial films also acquire thermal strain during cool down from elevated deposition temperatures if the thermal expansion coefficients of the film and substrate differ. The total thermal strain is limited by strain relaxation mechanisms such as dislocation glide or grain boundary diffusion, which are often detrimental to the performance of thinfilm devices that are operated far away from their fabrication temperature. Both lattice misfit strain and thermal strain are fixed after film growth and thus cannot be altered during device operation.
For studies on the evolution of material properties under reversible strain conditions, thin films have been successfully grown onto piezoelectric substrates. The most commonly used piezoelectric substrate is (1-x)Pb(Mg 1/3 Nb 2/3 )O 3 -xPbTiO 3 , which is a well-known relaxor ferroelectric material with excellent electromechanical and piezoelectric properties for compositions near the morphotropic phase 3 boundary (0.25  x  0.35) [12] . Piezoelectric strain transfer from PMN-PT substrates has, for example, been used to tune the magnetic properties of manganite [13, 14] , ferrite [15] [16] [17] [18] [19] , and metallic magnetic films [20] [21] [22] [23] , to alter the electrical resistance of magnetic oxides [13, 18, [24] [25] [26] , to demonstrate straincontrolled light emission from semiconductor heterostructures [27, 28] , and to tailor the properties of graphene [29] . In addition, strain-modulation of magnetic properties on a microscopic scale has recently been demonstrated in ferromagnetic-ferroelectric hybrids [30] [31] [32] , which has opened new ways to electric control of ferromagnetic domain formation and magnetic domain wall motion [33, 34] . While reversible strain actuation by an applied electric field has been used as a powerful tool to actively tailor hybrid material systems, possible limitations due to strain relaxation and defect formation during thin film growth are still largely unexplored. In this Communication, we use TEM and XRD to analyze the correlation between growth-induced strain states and the ability to actively alter material properties using piezoelectric strain. We compare two archetypical ferromagnetic oxide film/piezoelectric Insulating CFO is a hard magnetic material with a high degree of magnetic anisotropy and a coercive field of several tenths of Tesla. The magnetic properties of CFO can be understood from its electronic and structural configuration in which the divalent cobalt cations are located on the octahedral sites and the trivalent iron cations are located on the tetrahedral and remaining octahedral sites (inverse spinel structure). The unit cell of CFO has a face-centered cubic structure with a lattice parameter of a CFO = 8.39 Å. The Curie temperature of CFO is 790 K. The mixed valence manganite LSMO has been intensively studied because it exhibits colossal magnetoresistance [35] . The Curie temperature of bulk LSMO is 370 K. LSMO possesses a rhombohedral structure at room temperature with a corresponding pseudo-cubic lattice parameter of a LSMO The external electric field was applied to an especially designed sample holder for the DC transport option. The linear diamagnetic PMN-PT and sample holder contributions were subtracted from the measurement data. A qualitative similar E-field behavior is observed for LSMO films on PMN-PT. In this case, the tensile in-plane strain that originates from the 3.8% lattice mismatch between LSMO and PMN-PT is not fully relaxed by the misfit dislocation network. The remnant growth-induced strain, as estimated from the upward shift of the zero-field LSMO (002) reflection with respect to the LSMO bulk diffraction angle, amounts 0.4%. We note that this is an average strain value. Based on strain relaxation models it is likely that the LSMO lattice strain is substantially larger just above the dislocation network which also suggests that both parameters depend linearly on piezoelectric strain ( xx ). To put the electric-field effects in perspective, we estimated the value of K me from the experimental data. Using  10 5 J/m 3 . Although this electric-field induced magnetoelastic anisotropy is significant, it is still small compared to the magnetocrystalline anisotropy of CFO (2.6  10 6 J/m 3 [39] ). Electric-field induced 90 magnetic switching events, which have been observed in strain-based systems with softer ferromagnetic materials [30] [31] [32] [33] , are therefore not obtained in CFO/PMN-PT.
The electric-field response of a 100 nm thick LSMO film is summarized in figure 5 . The data shows that piezoelectric strain from the PMN-PT substrate changes the saturation magnetization, the The upper right inset summarizes the dependence of the saturation magnetization on applied electric field at 300 K.
